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Endoscopic stent placement is a well-accepted and effective alternative treatment modality for complex and refractory esophageal stric- 
tures. Among the currently available types of stents, the partially covered self-expanding metal stent (SEMS) has a firm anchoring effect, 
preventing stent migration and ensuring effective covering of a narrowed segment. However, hyperplastic tissue reaction driven by the 
uncovered mesh may prevent easy and safe stent removal. As an alternative, a fuUy covered SEMS decreases the recurrence of dysphagia 
caused by hyperplastic tissue ingrowth; however, it has a high migration rate. Likewise, although a self-expanding plastic stent (SEPS) 
reduces reactive hyperplasia, the long-term outcome is disappointing because of the high rate of stent migration. A biodegradable stent 
has the main benefit of not requiring stent removal in comparison with SEMS and SEPS. However, it stiU has a somewhat high rate of 
hyperplastic reaction, and the long-term outcome does not satisfy expectations. Up to now, the question of which type of stent should be 
recommended for the effective treatment of complex and refractory benign strictures has no clear answer. Therefore, the selection of 
stent type for endoscopic treatment should be individualized, taking into consideration the endoscopists experience as well as patient 
and stricture characteristics. 
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INTRODUCTION 

Dysphagia caused by benign esophageal strictures is a fre- 
quently encountered problem. It can negatively influence the 
patients quality of Ufe and may cause important complications 
such as malnutrition, weight loss, and aspiration.' Benign 
esophageal strictures are caused by various disorders and pro- 
cedures such as gastroesophageal reflux disease, surgery (anas- 
tomotic stricture), radiotherapy, ablative therapy, caustic inges- 
tion, and pOl-induced injury.^'^ Esophageal strictures can be 
divided into two types: simple and complex. Simple strictures 
are defined as short, focal, straight, and easy to pass through 
with a standard diagnostic endoscope, and are mostly caused 
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by Schatzki rings, esophageal webs, or peptic injury. Complex 
strictures are longer (>2 cm), tortuous, angulated, or have a se- 
verely narrowed diameter (<12 mm) and often do not allow 
passage of an endoscope. Complex strictures can be mainly 
caused by surgery, radiotherapy, or corrosive injury.''^ Of the 
two types of strictures, the complex type is difficult to treat and 
associated with a higher recurrence rate than the simple type. 
Refractory strictures have the following characteristics: an ana- 
tomic fibrotic esophageal restriction, absence of inflammation 
or motility disorder, and inability to achieve a diameter of > 14 
mm in five sessions of dilatations at 2- week intervals or inabil- 
ity to maintain a diameter of >14 mm for 4 weeks once this 
diameter has been achieved.'' 

Until now, serial endoscopic dilatation with bougies or bal- 
loons has been the standard treatment for esophageal stric- 
tures. Although the immediate success rate for relieving dys- 
phagia is 80% to 90%, the recurrence rate reaches 30% to 40% 
during long-term follow-up, especially in complex strictures, 
requiring repeated dilatations or even surgery.^^ '' What is worse, 
up to 10% of patients will not experience any meaningful im- 
provement and be unresponsive to repeated endoscopic dilata- 
tions. In these cases, repeated sessions of dilatation without 
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Fig. 1 . Stents currently used for benign esophageal strictures. (A) 
Niti-S covered stent (Taewoong Medical). (B) Polyflex stent (Bos- 
ton Scientific). (C) ELLA-BD stent (ELLA-CS). 

long-term clinical success are closely linked to increased physi- 
cal and emotional burden to patients; thus, an alternative treat- 
ment strategy should be introduced.' As an alternative, surgi- 
cal solutions such as gastric pull-up and enteral replacement 
are most effective; however, many patients are not good surgi- 
cal candidates because of their comorbid conditions or unwill- 
ingness to undergo surgery because of a substantial risk of 
morbidity and mortality'''"'" Endoscopic temporary place- 
ment of a self-expanding esophageal stent has been proposed 
as a well-accepted and effective treatment for refractory esoph- 
ageal strictures owing to its longer-lasting dilatation effects, 
ability to maintain luminal patency, and simultaneous stretch- 
ing of the strictures in comparison with dilatation procedures; 
moreover, its favorable outcomes, as well as lower morbidity 
and mortality than surgery have been reported.'^ " Currently, 
three types of esophageal stents are available: self-expanding 
metal stent (SEMS), self-expanding plastic stent (SEPS), and 
biodegradable (BD) stent (Fig. 1).^''"^ This review focuses on 
the current experience with esophageal stents, mainly SEPS 
and BD stents, for complex and refractory benign esophageal 
strictures. 

SELF-EXPANDING PLASTIC STENT 

Recently SEPS has been introduced to minimize the hyper- 
plastic tissue reaction. SEPS can be easily removed and seems 
not to be inferior to metallic stent."" Initially, SEPS was found 
to provide significant improvement of dysphagia and quality 
of Ufe, and to decrease the number of dilatation sessions in pa- 
tients with benign strictures."'" On the basis of these results. 



the use of SEPS in patients with benign esophageal strictures 
has been proposed as an alternative to SEMS.'* The currently 
available SEPS is the Polyflex stent (Boston Scientific, Natick, 
MA, USA), which is composed of a plastic wire and has a fuUy 
covered design with silicone and a proximal flare. This stent 
material has been suggested to reduce reactive tissue hyperpla- 
sia. As a result, the stent is easily removable and approved by 
Food and Drug Administration for the treatment of benign 
esophageal strictures. The use of Polyflex stents in malignant 
strictures has shown good relief of dysphagia, a major compli- 
cation rate of 9%, and a recurrent dysphagia rate of 37%, 
mostly due to stent migration (13% to 29%), tissue overgrowth 
(10% to 30%), and food impaction (5%).^'"''" For benign stric- 
tures, varying results have been reported. The initial study se- 
ries in benign esophageal strictures showed promising results, 
with relief of dysphagia in 80% of patients.*'^""^^ SEPS seems to 
result in a meaningful reduction of reactive tissue hyperplasia 
and safe stent removal owing to the fully covered design and 
the silicone material. However, results of a later series have 
shown a high migration rate (up to 62%) and low long-term 
relief of dysphagia (only 17% to 30% of patients). '^ '" A recent 
systematic review of 130 patients with a benign esophageal 
stricture, obtained from 10 studies, showed that after a median 
follow-up period of 13 months, only 52% of the patients were 
dysphagia-free, the early migration rate was 24%, the endo- 
scopic reintervention rate was 21%, and major clinical compli- 
cations occurred in 9% of patients.' Our systematic review of 
172 patients with a benign esophageal stricture, including re- 
cent updated reports at the time of writing of this review arti- 
cle, shows the following results: technical success rate of 98%, 
clinical success rate of 45%, and early stent migration rate of 

31% (Table 1).1».12.17.20,23-30 

BIODEGRADABLE STENT 

Considering that recent studies on SEPS have shown less fa- 
vorable outcomes, including a disappointing long-term effica- 
cy, high migration rate, and frequent needs for reintervention, 
the BD stent has been developed as an alternative to SEPS. The 
currently available BD stent designs are the ELLA-BD stent 
(ELLA-CS, Hradec Kralove, Czech Republic), which is com- 
posed of polydioxanone, a surgical suture material," and the 
poly-L-lactic acid (PLLA)-BD stent (Mami Textile Machinery, 
Osaka, Japan), which consists of knitted PLLA monofilaments 
(Table 2).'^ These stents can be degraded by hydrolysis, which 
is accelerated at low ambient pH. Generally, stents begin to de- 
grade after 4 to 5 weeks and dissolve during a period of 2 to 3 
months. The major strength of BD stent over SEMS or SEPS is 
that it does not require removal, even when migrated, and it 
can be left until it is dissolved by gastric acid, which accelerates 
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Table 1. Results of Self-Expanding Plastic Stents in Benign Esophageal Strictures 



Authors 


Year 


Study design 


No. of patient 


success"' 


migration''' 


Reintervention 


Clinical success'' 


Broto et al." 


2003 


Retrospective 


10 


10 (100) 


2(20) 


6(50) 


5(50) 


Evrard et nV* 


2004 


Prospective 


17 


17(100) 


5(29) 


5(29) 


13 (76) 


Repici et al.-° 


2004 


Prospective 


15 


15 (100) 


1 (7) 


1 (7) 


12 (80) 


Triester et al." 


2006 


Retrospective 


5 


5 (100) 


2(40) 


2(40) 


0(0) 


Barthel et al." 


2008 


Retrospective 


8 


8 (100) 




4(50) 


1(13) 


Dun pf nl 


2008 


1:^ lUS U CC Li V C 


40 






23 (58) 




Martin etal." 


2008 


Retrospective 


18 


18 (100) 


1 (6) 


2(11) 


17 (94) 


Garda-Cano^' 


2008 


Retrospective 


4 


4 (100) 


3(75) 


4(100) 


2(50) 


Karbowski et al." 


2008 


Retrospective 


12 


12 (100) 


5(42) 




5(42) 


Ohetal.^" 


2010 


Retrospective 


13 


13 (100) 


4(31) 




3(23) 


van Boeckel et al.'^ 


2011 


Prospective 


20 


19 (95) 


5(25) 




6(30) 


Canena et al." 


2012 


Prospective 


10 


10 (100) 


6(60) 


9(90) 


1(10) 


Total 






172 


169 (98) 


39 (31) 


56 (44) 


77 (45) 


Values are presented as 
"'Technical success was 


number (%). 

defined as the correct positioning of the stent within the stricture; ''Early stent 


migration was defined as the occur- 



rence of stent migration within 4 weeks from stent placement; ''Clinical success was defined as clinical remission without the need for further 
endoscopic dilation or surgery after stent removal or migration. 

Table 2. Currently Available Biodegradable Stents for Benign Esophageal Strictures 





PLLA stent (Marui Textile Machinery, Japan) 


ELLA stent (Hradec Kralove, Czech Republic) 


Materials 


Polyglycoside (knitted poly-L-lactic acid monofilaments) 


Polydioxanone (a semicrystaUine, degradable polymer) 


Bioabsorption period 


3-6 mo 


2-3 mo 


Length and diameter 


Designed according to esophageal lesion 


Size: 18, 20, 23, 25 mm 






Length: 60, 80, 100, 135 mm 


Setting 


Fitted over an endoscope 


Delivery system 


Other features 


One end is reduced to a diameter of 5 mm 


Manual loading is needed 




by tying with silk sutures 





PLLA, poly-L-lactic acid. 

hydrolysis, thus avoiding further procedures and potential 
morbidity.'' 

Subsequent studies have shown the availability of the PLLA- 
BD stent, with a low stent-related complication rate, compared 
with SEMS and SEPS.'^ In these studies, there were no 
symptoms or need for reintervention within the follow-up pe- 
riod in all cases; however, most of the stents (10 of 13 cases 
[70%]) had migrated within 10 to 21 days after insertion. Be- 
cause of this tendency of early stent migration found in those 
three studies, the natural history of degradation of the PLLA- 
BD stent within the esophagus and the tolerabOity of the deg- 
radation process over time were not adequately assessed. In 
contrast to the PLLA-BD stent, the ELLA-BD stent has shown 
some promising results. An initial case series with the ELLA- 
BD stent for esophageal strictures, including caustic, peptic, 
malignant, anastomotic, radiation-induced strictures as well as 
achalasia, showed a low migration rate (0% to 22%) and an ac- 
ceptable clirucal success rate (33% to 60%).^''^' '^ '' However, 



the ELLA-BD stent, not unlike commercially available SEMS 
and SEPS, can induce significant hyperplastic tissue reac- 
tions.^''''^ '* The uncovered design of BD stent allows stent em- 
bedding to the esophageal wall and significantly reduces the 
migration rate; however, it induces considerable reactive tissue 
hyperplasia. Our systematic review of 111 patients with a be- 
nign esophageal stricture obtained from nine studies showed 
the following results: technical success rate of 96%, clinical 
success rate of 47%, early stent migration rate of 21%, and tis- 
sue hyperplasia rate of 13% (Table 3).iwuo,32-3539,4o 

Recently modified ELLA-BD stents with a non-BD covering 
made of polyurethane were used in five patients with esopha- 
geal leaks or perforations.'*' The initial clinical success rate was 
80%; however, the stent migration rate was 60%. Therefore, the 
effect of the covered design on minimizing the hyperplastic 
tissue reaction remains an unsolved problem. Recently, drug- 
eluting BD stents have been introduced as a solution to reac- 
tive hyperplasia. Theoretically, localized delivery of drugs such 
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Table 3. Result of Biodegradable Stents in Benign Esophageal Strictures 


Authors Year 


Study design Stent type No. of patient 


Technical 
success"' 


Early stent 
migration''' 


„. , , . Clmical 
Tissue hyperplasia ,., 
' success ' 


Tanakaetal.'' 2006 


Retrospective PLLA 


2 


2 (100) 


2 (100) 


0 (0) 2 (100) 


Saito et al." 2007 


Prospective PLLA 


13 


13 (100) 


10 (77) 


0 (0) 13 (100) 


Saito et al.'* 2008 


Prospective PLLA 


2 


2 (100) 


0(0) 


0 (0) 2 (100) 


Repicietal.'' 2010 


Retrospective ELLA 


21 


21 (100) 


2(10) 


1(5) 9(43) 


vanBoeckeletal.'^ 2011 


Retrospective ELLA 


18 


16 (85) 


4(22) 


2(11) 6(33) 


vanHooftetal.'' 2011 


Prospective ELLA 


10 


10 (100) 


0(0) 


2 (20) 6 (60) 


Canenaetal." 2012 


Retrospective ELLA 


10 


10 (100) 


2(20) 


3 (30) 3 (30) 


Hirdesetal." 2012 


Retrospective ELLA 


28 


26 (93) 


3(11) 


7 (25) 


Karakanetal.* 2013 


Retrospective ELLA 


7 


7 (100) 


0(0) 


3 (43) 4 (57) 


Total 




111 


107 (96) 


23 (21) 


11 (13) 52(47) 


PLLA, poly-L-lactic acid. 

"'Technical success was defined as the correct positioning of the stent within the stricture; ''Early stent migration was defined as the occur- 
rence of stent migration within 4 weeks from stent placement; '^'Clinical success was defined as clinical remission without the need for further 
endoscopic dilation or surgery after stent removal or migration. 


Table 4. Stent Characteristics according to the Stent Type 










Characteristic 


FuUy covered SEMS 




SEPS 


BD stent 


Shouldering 


+ 










FuUy covered design 


+ 




+ 




Flexibility 


Flexible 




Less flexible 


Less flexible 


Diameter of delivery catheter 


5-8 mm 




12-14 mm 


9.4 mm 


PredUation 


Not needed 




Needed 


Needed 


Manual loading 


Not needed 




Needed 


Needed 


Recapture 


Possible 




Impossible 


Impossible 


Others 


Various types 








Dissolves within 3 months 


SEMS, self-expanding metal stent; SEPS, self-expanding plastic stent; BD, biodegradable. 






Table 5. Clinical Outcomes according to the Stent Type in Benign Esophageal Strictures 








FuUy covered SEMS 




SEPS 




BD stent 


Long-term outcome 


47% 




45% 




47% 


Stent removal 


Needed 




Needed 




Not needed 


Stent migration 






-l-i-l- 




+ 


Tissue hyperplasia 


+ 




+ 




++ 


Complications 


+ 




+/++ 




+ 



SEMS, self-expanding metal stent; SEPS, self-expanding plastic stent; BD, biodegradable, 
as paclitaxel or rapamycin from drug-eluting stents is a prom- 



ising treatment method for preventing restenosis or inflamma- 
tory cell proliferation. Until now, many experimental studies 
have been done with animal models.^^'" More studies on the 
clinical application of drug-eluting BD stents for human pa- 
tients are needed. 

PLASTIC AND BIODEGRADABLE 
STENTS: BETTER THAN METAL STENT 

The main limitations of stent placement in benign strictures 



are hyperplastic tissue reaction, embedding into the esopha- 
geal wall, and stent migration. To avoid these limitations, an 
optimal stent must have a flexible, nontraumatic design and a 
diameter large enough for normal food passage. In addition, 
the procedure for insertion, repositioning, and removal should 
be simple and minimize stent migration and tissue hyperpla- 
sia.^ However, for the treatment of complex and refractory be- 
nign esophageal strictures, no ideal stent is yet available. Each 
type of stent has its own advantages and disadvantages accord- 
ing to the stent characteristics (Table 4). To date, only uncon- 
trolled studies have evaluated the safety and efficacy of various 
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stent designs in patients with benign esophageal strictures. On 
the basis of the studies published thus far, the long-term out- 
come according to the stent type is not different and is unsatis- 
factory (approximately 45%) (Table 5). As previously men- 
tioned, although a partially covered SEMS has a high anchoring 
capacity owing to the uncovered design at both ends, it shows 
a high rate of hyperplastic ingrowth or overgrowth through 
the uncovered mesh, resulting in severe stent embedding and 
difficulty of safe removal endoscopicaUy. On the other hand, 
the migration rate is higher when fiilly covered stents, either 
SEMS or SEPS, are used. This is because of their reduced an- 
choring capacity compared with partially covered SEMS. 
Meanwhile, the BD stent shows reduced migration rate owing 
to its uncovered design; however, hyperplastic tissue reactions 
have emerged as a main problem. Up to now, the question of 
which type of stent should be recommended for the effective 
treatment of complex and refractory benign strictures has no 
clear answer Therefore, the selection of stent type for endo- 
scopic treatment should be individualized, taking into consid- 
eration the endoscopist's experience as well as patient and 
stricture characteristics, especially including the location and 
cause of the stricture. In the case of sites with an increased risk 
of migration (i.e., distal esophagus or anastomosis site) or 
restenting after stent migration, the BD stent may be a reason- 
able option over SEMS or SEPS. To minimize tissue hyperpla- 
sia after BD stent placement, steroid injection or a dmg-eluting 
BD stent may be an effective option. Larger, randomized, pro- 
spective, well-designed studies are needed to demonstrate the 
long-term efficacy and safety of stents at each applicable loca- 
tion within the gastrointestinal tract. 

CONCLUSIONS 

SEPS and BD stents were developed to decrease the limita- 
tions of SEMS for benign complex and refractory esophageal 
strictures. Early studies on both stents reported excellent re- 
sults; however, our systematic review does not show a superior 
clinical outcome of these stents compared with SEMS. Al- 
though the ideal stent has not yet been developed, SEPS and 
BD stents have their own special merits such as decreasing tis- 
sue hyperplasia and eliminating the need for stent removal. 
Therefore, the selection of stent type should be individualized, 
taking into consideration the endoscopists experience as well 
as patient and stricture characteristics. In the future, a new 
stent that has only the merits of SEMS, SEPS, and BD stents 
will need to be developed. 
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